The two traditional methods for the assessment of iodine deficiency in a given area are the estimation of urinary excretion of iodine, and the prevalence of goiter. In field studies, the estimation of urinary iodine excretion (UIE) in random urine specimens provides an adequate assessment of a population's iodine nutrition. The recommended method is the classic one, based on Sandell-Kolthoff reaction (Method A). Recently, a new semiquantitative method has been introduced (rapid urinary iodide test [RUIT]). We performed a field study in a developing country (Azerbaijan) in order to compare the classic Method A to RUIT. The study included 942 schoolchildren, to whom UIE was estimated by RUIT. Comparing the two methods, (n 5 260), the sensitivity of RUIT using as gold standard Method A, was 96% and the specificity was 61%. The correlation between median values UIE estimated by RUIT and by Method A was excellent (r 5 0.98, p , 0.001). An agreement in iodine deficiency classification according to the World Health Organization-United Nations Children's Fund-International Council for the Control of Iodine-Deficiency Disorders (WHO-UNICEF-ICCIDD) between the two methods was observed in eight of nine areas. In conclusion, RUIT is a suitable method for UIE estimation in field studies of suspected iodine deficiency. The test is relatively inexpensive, easy to perform, and does not require sophisticated instruments.
Introduction

T
HE TRADITIONAL METHODS applied to assess the severity of iodine deficiency (ID) in a given area are the urinary iodine excretion (UIE) and the prevalence of goiter (1) . In field studies, for the estimation of UIE, urine spots are readily available whereas 24-hour urine collection are not. The iodine concentration in morning or other random urine specimens provides an adequate mode of assessment of a population's iodine nutrition (2) . Many techniques are available for urinary iodine measurements varying from precise methods with rather sophisticated instruments, to semiquantitative low-technology methods that can be used in region, country, or local laboratories. Criteria for selection include acceptability, technical feasibility, cost, performance, and availability of reference data (3) .
Recently, a conference was held in Zurich under the auspices of the World Health Organization (WHO), the International Council for the Control of Iodine-Deficiency Disorders (ICCIDD) and UNICEF (4) . The objectives of this conference were to provide guidelines on standardize d methods for measurement of thyroid volume by ultrasonography and for measuring urinary iodine by simplified methods. The stages of iodine nutrition were classified according to median iodine concentration in urine. In the consensus of this conference it was stated that the spectrophotometric method called Method A, based on Sandell-Kolthoff reaction after digestion of the urine with chloric acid at 110°C for 1 hour (5) is, at present, the best method to estimate the iodine intake and to monitor the compliance of the population to iodine supplementation program.
Because of difficulties of iodine measurements in the field, new and simple techniques were discussed in the abovementioned conference, including the method of Rendl et al. (6) . This is a qualitative colorimetric method based on iodide catalyzed oxidation of 3,39,5,59-tetramethylbenzidine by peracetic acid/H 2 O 2 . The method is easy to perform and does not require sophisticated equipment or apparatus. However, this test has not been evaluated in the field in a population with iodine deficiency.
In a field study in a developing country (Azerbaijan) conducted by our group (7) with suspected iodine deficiency, we included an estimation of UIE by two methods: by the recommended standard Sandell-Kolthof reaction and by the colorimetric method of Rendl et al. (6) .
Subjects and Methods
The study was conducted under the auspices of the Greek nongovernmental humanitarian organization Doctors of the World-Greece and with the authorization of the Ministry of Health and the Government of Azerbaijan.
The population examined included 942 children (475 boys and 467 girls), 8-14 years of age. Details of this field study have been published elsewhere (7) . Briefly, all children were examined by palpation of the thyroid and the size of the gland was estimated by ultrasound. Urine samples were collected (n 5 942) and each urine sample was divided in two parts: one part (n 5 347) was selected in random fashion (1 of the 3 collected samples) and was used for iodine estimation by the standard methods based on the Sandall-Kolthoff reaction as modified by Dunn et al. (5) . The samples were refrigerated at 24°C and assayed at the Endocrine Laboratory of the University of Patras Medical School, Greece. The second part (n 5 942) was used for iodine estimation by the semiquantitative method in a urine specimen using a pictogram with color categories, corresponding to three ranges of iodide concentrations: (1) less than 100 mg/L, (2) 100-300 mg/L, (3) greater than 300 mg/L (Rapid Urinary Iodide Test kit [RUIT], Merck KgaA, Germany). The method is based on the iodide-catalyzed oxidation of 3,39,5,59-tetramethylbenzidine by peracetic acid/H 2 O 2 to yield color products (6) . All measurements were performed at school, by two persons working simultaneously, with a rate of 30 specimens per person, per hour. Each person had the ability to test up to 5 specimens simultaneously. All specimens were collected and tested within 30 minutes. Details of the urine handling and column preparation have been described elsewhere (6) . Briefly for each measurement, 1 mL of fresh urine sample was used that was diluted in 4 mL of buffer and passed through an appropriately prepared column. The eluate was collected and the iodide estimation was performed within 30 to 60 seconds by comparing the color of the final solution to the color ranges provided by the pictogram included in the kit. Results were expressed as the percent of each one of the abovementioned three categories in relation to the total number of examined specimens for the whole country and for each examined region separately. Median UIE values for each region were calculated according to the formula Y 5 179,78-1,60X, where X represents the percent UIE less than 100 mg/L in the examined region (6) . The estimated median iodine value by RUIT, as well as the measured median value of the same region by Method A were used for classification of iodine deficiency according to WHO-UNICEF-ICCIDD criteria (2) .
Results
Comparing the two methods for iodine measurements in urine using a sample of 260 subjects where the urinary iodine was estimated simultaneously by the two methods, using Dunn's method as the gold standard, the sensitivity of the rapid UIE test, was 96% and the specificity was 61% (Fig.  1) . The analytical description according to the levels of UIE is shown in Figure 2 . The sensitivity of RUIT within the area of a low iodine intake ( , 100 mg/L) ranged from 96% to 100%, whereas within the area of an adequate iodine intake
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FIG. 2.
Sensitivity and specificity of rapid urinary iodine test (RUIT) concerning different levels of urinary iodine excretion (UIE) as determined by the spectrophotometry method (n 5 260).
FIG. 1.
Sensitivity and specificity of rapid urinary iodine test (RUIT) compared to spectrophotometry method used for the determination of urinary iodine excretion (UIE) in a field study (n 5 260).
( . 100 mg/L, n 5 101) was particularly low (39%). It is worthy to note that in the later the UIE estimated by RUIT (6) was 117 mg/L.
The correlation between median values UIE estimated by RUIT and median values UIE measured by spectrophotometry in each examined area was excellent (r 5 0.98, p , 0.001, Pearson analysis). The median UIE of all samples measured by spectrophotometry was 47 mg/L and the estimated median UIE by RUIT using the formula proposed by Rendl et al. was 54 mg/L (UIE , 100 mg/L: 83%). The proportion UIE less than 100 mg/L by RUIT in each examined area is shown in Table 1 . The measured UIE by spectrophotometer and the estimated UIE by RUIT, as well as the resulting classification of iodine deficiency in each examined area according to WHO, which is based on iodine intake are presented in Table  2 . An agreement is observed in eight of nine areas, while in the remaining, the classification of iodine deficiency by RUIT was borderline similar. The total classification of the examined sample was borderline mild iodine deficiency by spectrophotometry and borderline moderate iodine deficiency by RUIT.
Discussion
The traditional methods of assessing the severity of iodine deficiency in a given area are the urinary excretion of iodine and the prevalence of goiter. According to the directions of WHO, ICCIDD, and UNICEF the stages of iodine nutrition were classified according to median urinary iodine concentration (2). Compared to the Method A the sensitivity of RUIT in our hands was good considering that was obtained in the field: 96%, which however, is somewhat lower than the 99% reported by Rendl et al. (6) . Based on this validation, RUIT was proved to be a useful method for urinary iodide estimations, and it is particularly indicated for field studies in areas where ID is expected to be present and the goal of the study is the estimation of its intensity. The calculation of UIE median value, based on the relationship of the percent UIE less than 100 mg/L to the method's reference curve, proved to be valuable because it contributed to the characterization of each area as iodine deficient. This is suggested by the correlation between median values UIE by RUIT and median values of UIE by spectrophotometry.
Compared to the standard photometric Method A, RUIT specificity was 61%, which differs substantially from the value of the 92% reported by Rendl et al. (6) . However, this comparison may not be appropriate because they compared 
ID classification
RUIT values to those obtained by high-pressure liquid chromatography (HPLC). In any case, results indicate that RUIT slightly overestimates iodine deficiency. The above findings are of particular interest because they emphasize the usefulness of RUIT exactly where it is suitable to be applied, such as in a field study and not substituting a well-equipped laboratory. It is noteworthy that concerning quantitatively different levels of UIE of less than 10 mg/L (by spectrophotometry), the sensitivity of RUIT was 96%-100%. Concerning the low sensitivity of RUIT in detecting UIE values greater than 100 mg/L, there is a concern that this could lead to an overestimation of iodine deficiency in a iodine replete area. Our data on the samples with UIE greater than 100 mg/L measured by Method A and UIE of 117 mg/L estimated by RUIT, clearly indicate that there is no iodine deficiency in this sample according to classification of WHO-UNICEF-ICCIDD, although we recognize that the sample size tested is rather small.
The application of the RUIT method in the field proved to be quick, easy to perform, and relatively inexpensive under difficult conditions that are commonly encountered in the field studies in developing countries. The cost of RUIT is somewhere between $1.00 to 2.00 per sample depending on the number of kits ordered. The cost of Method A in our laboratory was estimated to be less than $0.25 per sample. This cost does not include the essential instrumentation including a heating block, hood, and spectrophotometer, assuming that these instruments are available in any laboratory. Additionally, the expenses of sample transportation from Azerbaijan to Greece raised the cost up to $1.00 per sample. The RUIT method is easy to be learned in 1 day, including some experimental applications. It was easy for the investigator to interpret the differences in color that represented different iodine concentrations quickly and reliably. The procedure is applicable in minimal space, without the need of additional equipments or reagents (e.g., distilled water) not even electricity. Finally, it is to be noted that RUIT although is more expensive than the classic Method A, it should be preferably used in fields where iodine estimation is particularly difficult.
